Background and aims: Little research has been done on tele-intensive care unit
| INTRODUCTION
Telemedicine applications in the intensive care unit (ICU) have been designed to improve quality of care and access to health care, especially for those who live in remote or underserved areas. The importance of telemedicine in general neonatal care has been reported as improving patient outcomes, communication, accessibility, and reducing cost of care. [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] In a comparison of actual costs of neonatal telemedicine with actual savings associated with confirmed avoided infant aeromedical transport and nursery costs, there were net savings to the health system of 54,400 AUD (Australian Dollars), which were associated with the use of neonatal telemedicine over a period of 12 months. 1 Utilization of telemedicine has also proved to reduce the number of low birth weight deliveries in hospitals without NICUs, and reduce statewide infant mortality. 8 Other studies, however, have questioned its perceived usefulness and impact on existing workload, workflow, and staffing levels. [11] [12] [13] [14] During an evaluation of a telemedicine system and its impact on ICU and non-ICU mortality, total mortality, and ICU-specific length of stay, findings have concluded that there is no reduction in mortality, length of stay, or hospital cost attributable to the introduction of the telemedicine. 12 Video telemedicine for newborn resuscitation (termed teleneonatology) is a system that allows neonatologists to consult with local care teams via a real-time, audio-video connection during highrisk newborn resuscitations that occur in a community hospital. There is a dearth of literature on teleneonatology in resuscitation, and these few studies have demonstrated that teleneonatology positively impacts the quality of newborn resuscitation. [4] [5] [6] 15, 16 In a simulated setting, teleneonatology consults have been shown to reduce the time to effective ventilation (the most critical step of newborn resuscitation) and improve adherence to the Neonatal Resuscitation Program (NRP) algorithm. 5 Clinical studies have shown that teleneonatology significantly improves the quality of newborn resuscitation and increases adherence to process metrics. 4 In addition, neonatal telemedicine programs have been described to shorten the wait time to transfer patients to a higher level of care, and the time to initiate therapeutic hypothermia for neonatal encephalopathy have reduced dramatically. 15, 16 Teleneonatology is a complex intervention that takes into consideration human, social, and systemic factors. The context regarding how it is implemented and supported may influence its acceptance and use and, therefore, organizational adaptations would be necessary to make the best use of telemedicine. Little research has been done on tele-ICU implementation across different types of
ICUs, and few studies have used qualitative research methods to analyze the social, human, and cultural factors influencing optimization and acceptance of teleneonatology. Organizational and staff readiness for telemedicine, especially in the ICU, needs to be systematically assessed and is important for its long-term success.
Since the implementation of teleneonatology in our institution in March 2013, we have noted that the rate of teleneonatology consultation within our institution's ancillary health system sites does not always correspond with the expected usage based on newborn delivery volumes and acuity. That is, hospitals that offer the same level of neonatal care with similar delivery volumes utilize teleneonatology at very different rates, with consult rates varying from 1 to 9% of annual delivery volumes. Scheans and colleagues 15, 16 reported a telemedicine consult rate of 2% when supporting low-risk maternity centers. In our program, three of the seven hospitals (43%) with level I nurseries have a consult rate of less than 2%. This variation in utilization rates and possible underutilization may be due to poorly understood local facilitators and barriers to using the teleneonatology service. The objectives of this study were to capture local providers' perspectives on teleneonatology, including 1) its current use and value; 2) factors likely to influence utilization; and 3) local initiatives to optimize its integration into the practice of advanced newborn resuscitation. This study used Normalization Process Theory (NPT), a theoretical framework for interpreting how complex interventions can be routinely embedded (normalized) in health care practices, to understand how local health care professionals perceive the implementation of teleneonatology. [17] [18] [19] [20] [21] [22] [23] [24] [25] We specifically referenced the human, social, and systemic factors that may contribute to the discrepancy in perceived vs actual usage rates of teleneonatology.
2 | METHODS
| Study Design and Setting
This qualitative focus group and individual interview study is part of a larger mixed-method investigation that surveyed physicians and nurses regarding their perceptions and use of telemedicine for newborn resuscitation between October 2015 and June 2016. 3 The larger investigation was approved by Mayo Clinic institutional review board.
The study took place after the introduction of a teleneonatology 
| Participants and Data Collection
A purposive sampling using a criterion-based strategy 26, 27 was utilized to identify health professionals who worked directly with newborn resuscitation and teleneonatology at each of the six health system sites. Pediatricians, obstetricians, family physicians, nurse practitioners, and nurses were thus included in this study. Most of the participants were first recruited as part of an online survey for the larger study, 3 during which they were also asked to indicate their interest in participating in either a focus group or individual interview based on time, availability, and work schedules. Forty-five participants who expressed interest after this sampling strategy were contacted, and interviews were scheduled for focus groups. We also used snowballing recruitment to reach participants who may not have filled out the initial online survey. As a result, emails were additionally sent to 10 potential participants (5 physicians, 5 nurses) out of which telephone interviews were conducted with 4 physicians. One nurse declined to participate and the rest did not respond to our request.
We conducted focus groups and individual interviews at each site at least three months after teleneonatology had been implemented.
Each site had a separate focus group for physicians and for nursing staff, as illustrated in Table 1 . Focus groups and interviews were audio recorded and transcribed. To ensure consistency across the 6 sites, a standard semi-structured interview guide (appendix) was developed to focus on the study aims as structured by the four governing NPT 
| Normalization Process Theory
Qualitative data from the focus groups and interviews were analyzed using NPT constructs. [17] [18] [19] [20] [21] [22] [23] 25, 31 There are four general analytical concepts NPT uses to describe the organizational work involved in practice change: 
| Analysis
We adopted a 2-stage approach to our analysis. Data were first analyzed inductively using a thematic approach, [34] [35] [36] and we then drew on the four governing concepts of the NPT theoretical framework for a deductive analysis. The interviewer read the transcripts to identify major themes for discussion with the study team. During study meetings, the team sought clarification on major themes through discussion. We looked for commonalities in the themes across the data which were then clustered and put into categories. For any discrepancies, the interviewer returned to the original transcripts to further assess the data and confirm or modify the themes for discussion with other team members at the next study meeting. Subsequently, themes were interpreted through NPT constructs to depict participants' acceptance, utilization, and integration of teleneonatology ( Table 2) .
We then synthesized the data till we reached a conceptual depth and the findings were grouped into 3 major categories that highlight participants' perspectives. Data management and analysis was aided by qualitative analysis software (NVivo 11 QSR International Pty Ltd.). Table 1 .
| RESULTS
Findings reflecting themes interpreted though NPT are illustrated in Table 2 . Three major analytical categories were reached, each of which maps to a study objective: 1) Positively appreciating teleneonatology innovation, 2) Relational factors influencing
Teleneonatology Utilization, and 3) the integrative work needed for organizational change. The identified themes are described below, with representative quotes coded to distinguish between physician and nursing roles (See Table 3 ). No major differences in perspectives were found across the 6 sites and between focus groups or interviews. 
| Theme 1: Positively Appreciating Teleneonatology Innovation
Data were mapped to this theme if participants reported having a shared understanding of the utility and differences between telephone and telemedicine consults, understood the benefits and application of teleneonatology, and shared interest in advancing the use of teleneonatology. Across all sites, participants were generally accepting and supportive of teleneonatology implementation. Some participants identified teleneonatology as an innovative way to quickly connect to "It's reassuring to know that they're there for us. I mean, um, 'cause we don't have pediatricians here all the time so they can be a help until it gets here too." RN "They were communicating with the physician on the other side and he was able to actually look at the baby and assess the baby and … was asking … the physician or the nurses that were there to do certain things to get a reaction from the baby so that he can determine better what's going on. I think it went really well." MD "Nursing usually starts it … Have the nurses start it up without even Peds there yet … And that's why it's reassuring, 'cause it … least we got somebody until Peds gets here." RN This theme emphasizes the human and behavioral realities that come with using teleneonatology in a local context and how providers make decisions on using the technology. There is the interest of change and the reality of work that comes with the change, and how the change can be sustained.
"It seemed like a good idea at the time and but it really, as it's true with many other things, it's not until you actually get into a situation where you might potentially use it where you realize its limitations of it." MD "Its limiting aspects is that if I'm elbow deep in resuscitation, I
really can't take the time to troubleshoot what's going on with the iPad [telemedicine device]. I have way too many other important things to do … just really I have too many hats to wear at that point and I couldn't possibly take on another one in that state." MD "… if I was … working with providers that I don't know very well or pediatricians … I can see where … I could be intimidated, like not one to say, 'Hey, would you like to bring in the EDR [telemedicine] cart' you know and to have a doctor say, I don't know, 'you think I can't handle it myself?' I would never want our pediatricians to think that." RN Several important human factors (often subtle) and considerations for the successful implementation and utilization were discussed. Use of the telemedicine service may depend on perceived benefit, mutual understanding on the guidelines and expectations of use, and personal or contextual factors. "I mean if they're thinking that every time we're given a little bit of positive pressure ventilation we'd be calling, then they're right, then we're not using it. But in our mind, it's when we have a very true resuscitation, a large code, um, that's when we're using it. We don't have many of those. So if it's looking like it's not used often, it might be a difference in when the expectation is of usage." RN "Now I've never used the [video telemedicine] because I usually don't need their help with the visual diagnosis. If I need help I need hands on, somebody to intubate the baby or put the chest tube in; and you can't do that by video chat so I haven't really found it something I would use." MD "So if it's looking like it's not used often it might be a difference in when the expectation is of usage." RN "I think [it] also depends, the neonatologist you have at that end. If you have Dr. Z, he's very calm; if you have Y (laughing) it's very different … you know and they're both excellent neonatologists but the way they approach the resuscitation and what's happening … they expect things done in a very different way." MD "But whether or not we [nurses] initiated or the physician wants to use it is strictly personal choice. You know they [physicians] decide if they they wanna get it up and start using it." RN "I think um how the reception is received in [the larger city] makes a large difference so when I've contacted them on the obstetrics side it's been positive." MD "I think if the skill sets of the referring pediatricians were to start to be scrutinized or call them [in] to question 'cause a result of something like this; it it's gonna make us decrease … [how telemedicine is used] … but I do feel that can be a significant intimidating factors, see that camera go on in resuscitation situations." MD (Continues) a remote neonatologist and improve outcomes for patients, families, and staff. They noted the benefits and value of the technology by comparing it with past experiences in which the telephone was the only technology available to connect the local physician and the neonatologist. These benefits included the remote neonatologist being able to have a live view of the baby and perform a visual examination, and for local care providers to be able to collaborate more actively with the remote neonatologist during newborn resuscitation.
Major discussions about the benefits of the technology centered around decreasing newborn transfer rates and costs, and instilling confidence and easing anxiety among local site providers. Most nurses reported that the technology improved their confidence and provided reassurance during advanced resuscitations while waiting for the neonatal transport team or arrival of the on-call pediatrician. More than half of the physicians also said that the technology provided a sense of relief, created feelings of comfort and security, and lessened anxiety. Participants also reported that teleneonatology created an opportunity to streamline care processes, which makes access to care easier for patients and their families. These skills were perceived as key to enhancing great professional relationships. Participants recognized the collective work involved in integrating teleneonatology into the local practice. They reported working collaboratively to share patient information with the remote neonatologist during consultation, but they acknowledged that this could be impeded by logistic challenges and site-specific difficulties. For example, because some sites are not equipped with advanced laboratory technology, the remote neonatologist may perceive patient testing as delayed.
Service activation for teleneonatology is routed through the institutional admission and transfer call center. While, overall, this system has worked well, many participants referenced instances of long wait times and rerouting of calls to reach the neonatologist. Based on the care teams' appraisal and experience with this process, they suggested modeling the teleneonatology service activation after the emergency department's response system, for immediate and direct connection.
Other suggestions include making the technology simple enough for ease of use, and to mount a camera (which can be controlled by the remote neonatologist) to the baby warmer.
Space and staffing may also impede the successful use of teleneonatology. Some reported little space for additional telemedicine equipment in small rooms, which was identified as a site-specific infrastructure challenge beyond the control of physicians and nurses.
Some participants reported that staffing levels vary depending on the time and day. When staffing is limited, the available providers may be focused on assisting with resuscitation, leaving no extra hands to initiate the consultation and manage the technology.
Participants thought that high levels of leadership engagement promoted the integration of teleneonatology and could promote utilization. Neonatologists, supervisors, and nurse managers championing the integration engaged staff in meetings to provide information on the innovation and the rationale for implementation. Others reported that staff meetings and site visits from the remote neonatologists did not work well with their own schedules and that they were unable to attend those meetings. Participants recognized the collective work needed to train new staff and maintain competencies to promote continued awareness, understanding, and engagement with teleneonatology. They also identified a need to engage care teams from other medical specialties who may be present at newborn deliveries (e.g., anesthesia, respiratory therapy) so they were aware of the teleneonatology program.
| DISCUSSION
Our research is focused on the meaning that people attribute to new innovations and the effort that is made individually and collectively to implement and embed the innovation in everyday practice. 18, 19, 22, 23, 39 Here, we used qualitative methods informed by NPT to gain understanding of the complexities involved in the acceptance, utilization, and integration of teleneonatology into newborn resuscitations in community hospital settings. We explored how the local physicians and nurses made sense of and accepted the changed teleneonatology program, enacted additional work, and integrated the innovation into their routine neonatal resuscitation processes.
Findings reported in the first theme revealed that teleneonatology implementation was well accepted and important to the practice. Participants clearly understood the benefits of the teleneonatology program, which is consistent with earlier reports. the belief that that the use of the technology will increase burden contribute to suboptimal uptake. 13, 45, 46, 49, 50 The fourth and final construct, reflexive monitoring, refers to the participants' appraisal [14] [15] [16] [17] 19 of the teleneonatology services, of whom in our study almost all approved of the teleneonatology service.
Reflexive monitoring of any implementation is essential to embedding and maintaining new clinical practices, and has been echoed in relevant studies 30, 61, 62 as either alleviating concerns or confirming the need for improvements to a new implementation. Yet, there is little evidence in the literature of local appraisals or ways in which implementation processes might be reconfigured by user-produced knowledge, and there is even less information on the ways in which health professionals appraise whether an intervention is worthwhile or not. 55 Health professionals in our study reflected upon their own past experiences and that of others to assess the advantages and limitations of the technology service, noting aspects of the technology that have not worked in the past as barriers to the utilization of the technology. Participants identified some areas of the technology that can be improved: almost all participants proposed an improvement to the service that will provide direct connection to a neonatal specialist and change video function to allow remote neonatologists adjust the video to suit their needs. Also, participants suggested continuous refresher programs for staff. For this construct, patterns of collective action are continuously evaluated both formally and informally by participants during the implementation process, which may inform future improvement [21] [22] [23] [24] [25] 33, 52, 64 to the technology.
We argue that NPT can be a useful analytical tool for researchers so that they can attune themselves to health professionals' orientations toward potential problems and problem solving during implementation of a new technology. 33, 64 Also, technology implementations that directly address findings from an NPT-driven analysis are more likely to normalize within the practice. Although this study provided an opportunity to assess the optimization of teleneonatology in our health system, the findings must be interpreted and applied cautiously. First, the study involved six health system sites that have various staffing models, annual delivery volumes, and levels of newborn care. The findings may not be wholly transferable to other health care systems or other telemedicine services that may have unique organizational cultures and external constraints, resources, and facilities. However, the transferability of findings from this study is strengthened through our use of NPT. NPT enhanced our exploration of the social processes and systemic issues regarding the individual and collective work involved in the implementation and sustainability of a teleneonatology service, which drew from multiple perspectives across several sites.
| CONCLUSIONS
Using NPT theoretical constructs aided in explaining the factors that enabled or inhibited implementation and sustainability of teleneonatology. The use of video telemedicine in newborn resuscitation holds promise for improved patient outcomes, reduced costs, and efficient use of resources. It can be used to support teams at birthing centers and augment team composition by including a neonatologist located at a remote site.
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